Hydroalumination reaction was effectively carried out on ferrocenylnitrile in the synthesis of imidoalane cluster [HAl NCH 2 C 5 H 4FeCp]6 (3). Compound 3 exhibits a reversible electrochemical behavior. In the presence of ferrocenylmethanol, meta thesis reactions were carried out on [HAlNCH 2 (C 4 H)S)]6 (4) and [HAlNCH 2 Ph]6 (5) in the synthesis of [CpFeC s H4 CH 2 0AlNCH2CC 4 H)S)]6 (6) and [CpFeC s H 4 CH 2 0AlNCH 2 Ph]6 (7). The ferrocenylmethoxide groups present in these two com pounds show a single reversible oxidation wave, which suggests their electrochemical equivalence. Electrochemical studies were also carried out on the carbaalane [(AIHhCFcC CAlMAlNMe3hCCCH2Ph)6] (9), which exhibited a considerably broadened wave with shoulders preceding the main anodic and cathodic peak, and it can be assigned to weak electronic interactions between the individ ual ferrocenyl sites.
Introduction
Compounds conta1l11l1g multi-metallocenyl assemblies, especially multi-ferrocenyl assemblies (1,2], have gained importance in recent years due to their interesting chemical, electrical, optical and magnetic properties. These compounds are electron-rich in nature and they can be considered as efficient materials for the modification of electrodes, ion sensors or as material for the electronic devices [3 5] . Although, most of the work was done to understand the redox nature of the ferrocene containing dendrimers [6 9 ] only recently transition me-tal conta1l11l1g main group compounds have gained attention as they are single source precursor for mixed-metal thin films (10, 11] . Recently, we have reported for the first time the synthesis and structure of imidoalane cluster [CpFeCsH4C=:::CAINCH2(C4H3S)]6 (1) containing an assembly of ferrocenylacetylide units [12] . The ferrocenyl units, which are fixed on the cluster using C= C spacers, showed a reversible electrochemical behavior with a half wave oxidation potential of +0.16 V. Subsequently, we reported a carbaalane [(AIHMAINMe3h(CCH2CsH4FeCsHs)6] (2) conta1l11l1g ferrocenylmethylene units and an attempt to study the electrochemical behavior of the carbaalane was unsuccessful due to its poor solubility [13] . These two compounds are the model compounds for the fixation of an organometallic fragment on an aluminum nitride and carbide surface. In continuation of the above mentioned work, herein we report the synthesis and electrochemical behavior of a few more imidoalane and carbaalane clusters containing ferrocene units.
Experimental

Materials and equipment
All experimental manipulations were carried out under an atmosphere of dry nitrogen using standard Schlenk techniques. The samples for spectral measurements were prepared in a dry box. Solvents were purified according to conventional procedures and were freshly distilled prior to use. Compounds 4 [14, 15] , 5 [16, 17] , 8 [13, 18] , ferrocenylnitrile [19] , ferrocenylacetylene [20, 21] and AIH 3 ' NMe3 [22] were prepared as described in the literature. IR spectra were recorded on a Bio-Rad Digilab FTS7 spectrometer. Melting points were obtained on a HWS-SG 3000 apparatus and are uncorrected. CHN analyses were performed at analytisches Labor des Instituts fUr Anorganische Chemie der UniversiHit G6ttingen, Germany. Solid state NMR for the nuclei 'H and I3C were recorded on Bruker Avance DMX at 600 MHz proton frequency. The electrochemical experiments were performed at the Institut fUr Anorganische Chemie der Universitiit Stuttgart, Stuttgart, Germany. Cyclic voltammetric investigations on compounds 3, 6, 7, and 9 were conducted in CH 2 CI 2 1 BU4NPF6 (0.2 M) at ambient temperature; compound 9 was also studied in THF/Bu4NPF6 (0.2 M). The electrochemical experiments were performed in a homebuilt cylindrical vacuum tight one compartment cell. A spiral shaped Pt wire and a Ag wire as the counter and reference electrodes are sealed directly into opposite sides of the glass wall, while the respective working electrodes (Pt or glassy carbon 1.1 mm polished with 0.25 ~m diamond paste (Buehler Wirtz) before each experiment series) are introduced via a teflon screw cap with a suitable fitting. The cell may be attached to a conventional Schlenk line via two sidearms equipped with teflon screw valves. CH 2 CI 2 and THF were obtained from Fluka (Burdick&lackson Brand) and freshly distilled from CaH 2 (CH 2 CI 2 ) or Na (THF) before use. BU4NPF6 was used as the supporting electrolyte. All compounds are oxidized at nearly the same potential as ferrocene such that decamethylferrocene had to be employed as the internal standard for potential calibration. Referencing against the ferrocene/ferrocenium scale was then performed by determining the half-wave potential of decamethylferrocene (E1/2 = -0.55 V) against the ferrocene/ferrocenium standard in a separate set of experiments but under otherwise identical conditions and recalculating the observed E'/2 values of the respective analyte relative to the ferrocene/ferrocenium scale. Assessment of the individual half-wave potentials of 9 was performed as follows: first, the experimental wave of the ferrocene couple was simulated. Values of D (2040 cm 2 S-')S2, ks (6.8 X 10 6 cm x s-') and ex (0049) were taken from the literature [22] . Ohmic drop was included such that the experimental peak-to-peak separation of the CP2FeO/+ couple was reproduced over a range of sweep rates ranging from v = 0.05 I VIs. Next, the wave of the analyte was analyzed by adjusting the individual EI/2 values until good agreement between simulated and experimental CVs was obtained over the entire range of sweep rates. Digital simulations of experimental CVs were performed with DigiSim® (version 3.0a) available from BAS.
Synthesis
Synthesis oj [HAINCH 2 C 5 H 4 FeCpj6 (3)
AIH 3 ' NMe3 (10 mL, 0.5 M solution in toluene) was added to a solution of ferrocenylnitrile (1.50 g, 13.74 mmol) in toluene (30 mL) under stirring at room temperature. The reaction mixture was heated until the evolution of NMe3 had ceased. The resultant solution was cooled and upon removal of solvent orange red colored compound 3 was obtained (1.25 g, yield 73%). M. 
Synthesis oj [CpFeC5H4CH20AINCH2(C4H3S) J6
To a suspension of 4 (0.24 g, 0.29 mmol) in toluene (30 mL) was added ferrocenylmethanol (0.38 g, 1.77 mmol) at room temperature. The reaction mixture was stirred for an hour at room temperature before heating it until the evolution of H2 had ceased. The resultant solution was cooled and upon removal of the solvent orange red colored compound 6 was obtained To a suspension of 5 (0.50 g, 0.63 mmol) in toluene (30 mL) was added ferrocenylmethanol (0.84 g, 3.88 mmol) at room temperature. The reaction mixture was stirred for an hour at room temperature before heating it until the evolution of H2 had ceased. The resultant solution was cooled and upon removal of the solvent orange red colored compound 7 was obtained (9) were described in our earlier work (Scheme 3) [13] . All the compounds were completely analyzed by means of spectral and elemental analyses. in the IR spectrum, which is absent in compounds 6 and 7. Although the compounds have very good solubility in aromatic solvents, we carried out solid-state NMR studies to have an uniformity in the spectral data for all the imidoalane and carbaalane clusters 3, 6, 7, and 9, respectively. The solid-state 'H NMR for the protons of the ferrocenyl units appear at fJ 4.3 for 3 and at fJ 4. I for 6 and 7. The protons ofOCH 2 units in 6 and 7 resonate in the downfield region (fJ 3.6 and fJ 3.3), whereas singlets were observed for NCH 2 protons in the upfield region (fJ 2.4 for 6 and fJ 3. I for 7). In the solid-state I3C NMR spectra, the carbon atoms of the ferrocenyl units resonate at fJ 68.0, 67.0, and 68.0, respectively, for 3, 6, and 7 and the carbon atoms of the OCH 2 unit in 6 and 7 appear at fJ 59.0 and fJ 60.0. The resolution of the spectra in 'H I3C 2D HETCOR (Heteroatom Correlation Spectra) showed this observation more clearly. All compounds in this study are chemically and electrochemically reversible and oxidized at nearly the same potential like the ferrocene/ferrocenium standard. In compounds 3, 6 and 7, the oxidation of the individual ferrocene sites gives rise to only a single wave with basically the same characteristics like that of the internal Nernstian decamethylferrocene standard. Thus, the measured peak widths at half height, t':!.Ep/2' for the anodic (forward) peak and peak potential differences, t':!.Ep are just a few m V larger than the values measured for decamethylferrocene present at concentrations that rendered sim ilar peak currents like that of the analyte. The same holds for differential pulse voltammetry. These signals at any interactions between the individual ferrocene entities are, at best, very weak. In these compounds, the ferrocenyl substituents are attached to the imidoalane cores through insulating methylene (CH 2 ) or methyleneoxy (OCH 2 ) spacers which interrupts any interactions between them. All data are compiled in Table I and Figs. I 3 display the voltammogramms of the individual compounds at a scan rate of 50 mY/so The one exception is complex 9 which exhibits a considerably broadened wave with shoulders preceding the main anodic and cathodic peak (Fig. 4(a) and (b) ). The t1Ep/2 and t1Ep values are distinctly larger than those of the decamethylferrocene standard at all sweep rates. Figs. 5 and 6 display a typical voltammogram and a differential pulse voltammogram of 9 in the presence of decamethylferrocene which clearly shows the broadening. Essentially, the same results were obtained in THF/Bu4NPF6 as the electrolyte. Such behavior is typical of a weakly interacting system. Effects like solvent reorganization and increasing Coloumbic repulsion upon adding further positive charges are likely similar for all compounds. We therefore assign the observed wave broadening to weak electronic interactions between the individual ferrocenyl sites in 9. These are presumably transmitted by the ethynyl spacers and transanular or through bond interactions within the four-membered (AI-C=CFchCCCH 2 Phh rings. From the broadening of the wave and after accounting for Ohmic drop the half wave potentials of the individual ferrocenyl entities were determined . This was done under the premise that there are two independent pairs of weakly interacting ferrocene sites with no interaction between the two (AI-C CFchCCCH 2 Phh entities of 9. The individual redox potentials were then assessed by digital simulation. A satisfactory fit over the range of sweep rates employed in this study (0.05 I V is) was obtained by assuming a 65 m V difference between the individual half wave potentials (see Table I ).
